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Abstract
To identify novel genes induced in the early stage of T-cell activation, mRNA expression in alloactivated human
lymphocytes was examined. Differential display-reverse transcription PCR analysis revealed a 207-bp cDNA fragment which
was upregulated 24 h after allostimulation of a human T-cell line. The corresponding complete 1396 bp cDNA, named
TGAM77, encodes a predicted 134 amino acid protein which shares 63% homology with the cornichon (cni) protein of
Drosophila melanogaster. Upregulation of TGAM77 mRNA in the early phase of T-cell activation was confirmed by
Northern blot and RT-PCR analysis of activated human lymphocytes. TGAM77 mRNA is expressed in a variety of human
tissues with various expression levels. In analogy to cni which is involved in an epidermal growth factor-like signaling
pathway inducing cellular asymmetry in Drosophila oogenesis, TGAM77 might function in similar signaling establishing
vectorial re-localization and concentration of signaling events in T-cell activation. ß 1999 Elsevier Science B.V. All rights
reserved.
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1. Introduction
T-cell activation is accompanied by sequential
changes in the expression of various genes over sev-
eral days and involves multiple signaling pathways
[1]. Stimulation of T-cells is initiated by the interac-
tion of antigen-speci¢c T-cell receptors (TCR) with
MHC bound antigenic peptides presented on the sur-
face of antigen-presenting cells (APC), but full pro-
liferative T-cell response requires additional costimu-
latory signals which are provided by the interaction
of proteins expressed on the surface of T-cells and
APC [2^5]. In addition, a number of cytokines as
well as other proteins are known to augment T-cell
activation, although many of them appear not to be
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essential for the basic proliferative T-cell response
[3,6]. Moreover, a growing body of evidence indi-
cates that the microtubule cytoskeleton of lympho-
cytes plays a major role in T-cell activation. Stimu-
lation of T-cells was demonstrated to result in
molecular rearrangement in the actin cytoskeleton
leading to re-localization and concentration of sig-
naling molecules in restricted areas of the cell mem-
brane close to the bound APC [7^9].
Although considerable information on T-cell acti-
vation has been gathered in recent years, the complex
molecular mechanisms of stimulation and signaling
pathways are not completely understood. Since T-cell
activation provides the central event in various types
of in£ammation as well as in autoimmune disease
and graft rejection, knowledge about the distinct
steps and molecules involved in the stimulation proc-
ess is of considerable biomedical importance, as they
might provide targets for therapeutic modulation of
the immune response. In the present study, we
sought to identify novel proteins di¡erentially ex-
pressed during human T-cell alloactivation.
2. Materials and methods
2.1. Activation of human T-cells
In accordance with the ethical standards as formu-
lated in the Helsinki Declaration of 1975, peripheral
blood was obtained from healthy volunteers. Lym-
phocytes (PBL) were isolated using standard Ficoll
centrifugation and resuspended in RPMI containing
10% fetal calf serum. Responder PBL were stimu-
lated with equal numbers of irradiated (3000 rad,
13 min) stimulator lymphocytes. To establish an al-
loactivated human T-cell line, cells were co-cultured
for 24 h in tissue £asks at an initial concentration of
106 cells/ml. Responding human T-cells were re-
stimulated three times with the irradiated stimulator
lymphocytes from the same volunteer at 10-day in-
tervals. The third restimulation was carried out with
5U106 cells/ml irradiated stimulator cells, and total
RNA was isolated immediately and 24 h after co-
culturing. For alloactivation of PBL in a mixed lym-
phocyte reaction (MLR), PBL were co-cultured with
irradiated stimulator lymphocytes and total RNA
was isolated immediately and 24 h after co-culturing
for Northern blot analysis. For analysis of the mech-
anism of TGAM77 induction, PBL were co-cultured
with irradiated cells of the human B-cell line IM-9
and human ¢broblasts, respectively, in a 10:1 ratio,
total RNA was isolated immediately and 24 h after
co-culturing and subjected to RT-PCR analysis. For
studies examining the mRNA expression in interleu-
kin-2 stimulated lymphocytes, PBL were incubated
with 100 U/ml of recombinant IL-2 (rIL-2) and
RNA was isolated immediately, 3, 6, and 24 h after
incubation.
2.2. Di¡erential display-reverse transcription PCR
(DDRT-PCR) analysis
Total RNA was isolated from lymphocytes imme-
diately and 24 h after co-culturing using RNazol B
(Tel-Test) and di¡erential display was performed as
described previously [10]. Brie£y, 2 Wg of total RNA
was used for reverse transcription with an oligo d(T)
primer (25 nM) and 200 U MMLV reverse transcrip-
tase (Gibco BRL). Fifty nanograms of the resulting
cDNA was used for subsequent PCR with primers
5P-GATGCCACCATGG-3P and 5P-TGCGTCTGG-
TTCT-3P. PCR was performed in a 20-Wl reaction
containing 1.25 mM MgCl2, 50 mM KCl, 10 mM
Tris-HCl, pH 8.3, 20 nM dNTP, 2.5 nM of each
primer, 5 WCi [35S]dATP, and 0.3 U Taq polymerase
(Promega). PCR products were separated by electro-
phoresis in a 6% polyacrylamide-urea gel (Sequagel,
National Diagnostics) and subjected to autoradiog-
raphy.
2.3. Cloning of cDNA
The di¡erentially expressed cDNA fragment was
excised from the ¢lter, eluted in 0.5 M ammonium
acetate/1 mM EDTA, pH 8.3, and ethanol precipi-
tated. The cDNA product was reampli¢ed, electro-
phoresed in a 2% agarose gel and puri¢ed using
Gene Clean kit (Quiagen). The recovered cDNA
product was blunt-ended with Klenow enzyme (Gib-
co BRL) following standard protocols [11] and li-
gated into pBluescript SK vector.
2.4. Library screening and DNA sequencing
After labeling with [K-32P]dCTP (800 mCi/mmol,
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Amersham) using the random priming method [12],
the cDNA fragment isolated from DDRT-PCR was
used as a probe to screen V gt-10 cDNA libraries
(Clontech) prepared from human T-cells activated
with phytohemagglutinin (PHA) for 48 h as well as
from human spleen. Hybridization was carried out
for 24 h at 42‡C in 40% formamide, 10% dextran
sulfate, 4USSC (1USSC consists of 150 mM NaCl,
15 mM sodium citrate, pH 7.0), 0.8UDenhardt’s so-
lution (1UDenhardt’s solution contains 0.02% poly-
vinylpyrrolidone, 0.02% Ficoll, 0.02% bovine serum
albumin), 0.5% sodium dodecyl sulfate (SDS), and
20 Wg/ml salmon sperm DNA. The ¢lters were
washed twice for 20 min with 2USSC/10% SDS at
room temperature, and for 30 min with 0.2USSC/
10% SDS at 65‡C, followed by autoradiography.
Positive clones were plaque puri¢ed, subcloned into
pBluescript SK vector, and the complete cDNA in-
sert was sequenced according to the method of
Sanger [13], using a primer walking strategy starting
from primers £anking the multiple cloning site of
the plasmid. Sequence analysis was performed
using Geneworks software system. For homology
searches, NCBI BLASTx and BLASTn software
were used.
2.5. Northern blot analysis
Poly(A)-RNA was separated from total RNA us-
ing Quick-Prep Micro kit (Pharmacia). Ten micro-
grams of total RNA or 3 Wg of poly(A)-RNA, re-
spectively, was subjected to Northern blot analysis
[11]. RNA was separated by electrophoresis on a
6% formaldehyde/1% agarose gel, transferred to a
nylon membrane and UV cross-linked. Pre-prepared
Northern blots containing poly(A)-RNA from var-
ious human tissues were purchased from Clontech.
Northern blots were hybridized with 106 cpm/ml
hybridization mixture of the aforementioned
[K-32P]dCTP radiolabeled cDNA fragment obtained
from DDRT-PCR for 12 h at 42‡C. Hybridization
mixture contained 40% formamide, 10% dextran sul-
fate, 4USSC, 7 mM Tris-HCl, pH 7.6, 0.8UDen-
hardt’s solution, 20 Wg/ml salmon sperm DNA, and
10% SDS. Blots were washed twice in 2USSC/0.1%
SDS for 20 min at room temperature and once in
0.2USSC/0.1% SDS at 65‡C, and were subjected to
autoradiography.
2.6. RT-PCR expression analysis
Total RNA was isolated from lymphocytes stimu-
lated by rIL-2 or after co-culturing with IM-9 cells
and human ¢broblasts, respectively. Reverse tran-
scription was performed as described above. Fifty
nanograms of the cDNA was used for PCR with
primers 5P-TGACTGTCCTAGTACATTGG-3P and
5P-AATCTGTAGTACCTGCAAAT-3P in a 20 Wl
volume containing 10 mM Tris-HCl, pH 8.3,
Fig. 1. Di¡erential display-reverse transcription PCR of alloac-
tivated human lymphocytes. RNA from a human T-cell line es-
tablished by alloactivation with irradiated stimulator lympho-
cytes was reverse transcribed and ampli¢ed by PCR in the
presence of [35S]dATP, and the cDNA fragments were sepa-
rated on polyacrylamide gel. Each lane shows a cDNA expres-
sion pattern either immediately (0) or 24 h (24) after the third
round of restimulation. Expression of a 207-kb fragment was
increased 24 h after allostimulation (6). Two di¡erent T-cell
lines (a and b) exhibited similar patterns of expression.
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1.5 mM MgCl2, 0.1% gelatine, 0.2 mM dNTPs, and
1 U Taq polymerase. The cDNA of glycerol alde-
hyde-3-phosphate dehydrogenase (GAPDH) was
used as standard for quanti¢cation and was ampli-
¢ed with primers 5P-GCAGGGGGGAGCCAAA-
AGGG-3P and 5P-TGCCAGCCCCAGCGTCAAA-
G-3P.
3. Results
3.1. Di¡erential expression of a 1.4-kb cDNA,
TGAM77, in early T-cell alloactivation
To identify genes induced during the early phase
of T-cell activation in response to alloantigens, di¡er-
Fig. 2. cDNA sequence of TGAM77 and deduced amino acid sequence. A clone from a V gt-10 cDNA library from PHA activated
lymphocytes was bidirectionally sequenced. The cDNA insert contains 1396 bp and a 14-nt poly(A) tail. The longest open reading
frame encodes a 134-amino acid protein. The polyadenylation signal next to the poly(A) tail is underlined.
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ential display analysis of mRNA expression was per-
formed using an allostimulated human T-cell line.
The RNA expression pattern was analyzed immedi-
ately and 24 h after the third allostimulation. Using
the primer pair given in Section 2, di¡erential display
RT-PCR revealed a single 207-bp cDNA fragment,
which was signi¢cantly increased 24 h after stimula-
tion (Fig. 1).
To obtain a full-length cDNA, this fragment was
used to screen V gt-10 cDNA libraries from human
PHA activated T-cells as well as from human spleen.
From 2U106 recombinants, nine positive clones were
isolated, all of them containing an identical cDNA
insert of approximately 1.4-kb length. This cDNA
was designated as T-cell growth associated molecule
77 (TGAM77).
Complete sequence analysis revealed a 1396-bp
cDNA excluding the poly(A) tail (Fig. 2), with a
113-bp 5P-untranslated region (UTR) and a 878-bp
3P-UTR. A polyadenylation signal with the common
AATAAA motif is located in the 3P-untranslated re-
gion at nt 1379, 11 bp upstream of the poly(A) tail.
The ¢rst possible ATG start codon at nt 15 is imme-
diately followed by an in-frame TAG stop codon at
nt 27. Starting from the second ATG codon at nt
Fig. 3. Northern blot analysis of total RNA from allostimu-
lated lymphocytes. Human lymphocytes were alloantigen stimu-
lated in a mixed lymphocyte reaction. RNA was isolated imme-
diately (0) and 24 h (24) after co-culturing and subjected to
Northern blot analysis. A TGAM77-speci¢c probe revealed up-
regulation of expression of a 1.4-kb TGAM77 mRNA. L-Actin
expression served as indicator for loading of each well with
equal amounts of RNA.
Fig. 4. RT-PCR analysis of total RNA from stimulated lym-
phocytes. Human lymphocytes were rIL-2 stimulated and RNA
was isolated immediately (0), and after 3, 6, and 24 h, reverse
transcribed, and PCR ampli¢ed with TGAM77 speci¢c primers.
Glycerol aldehyde-3-phosphate dehydrogenase (GAPDH) ex-
pression served as indicator for loading of each well with equal
amounts of RNA.
Fig. 5. Analysis of sequence homology between cornichon of Drosophila melanogaster (d-cni) and TGAM77.
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114, the nucleotide sequence contains a 402 nt open
reading frame encoding an 134 amino acid polypep-
tide with a calculated molecular mass of 15 552 kDa.
The upregulation of TGAM77 in early T-cell acti-
vation was con¢rmed by Northern blot analysis (Fig.
3). In total RNA from human T-cells alloactivated in
a mixed lymphocyte reaction (MLR), Northern blot
analysis revealed a distinct signal of the expected 1.4-
kb size which was signi¢cantly upregulated 24 h after
alloactivation. Not shown, similar upregulation of
TGAM77 was observed in Northern blot analysis
of poly(A)-RNA from human lymphocytes stimu-
lated with recombinant IL-2, whereas no signi¢cant
TGAM77 expression was induced by co-incubation
of PBL with cells of the human B-cell line IM-9 or
human ¢broblasts, suggesting that TGAM77 expres-
sion is triggered by costimulatory signals provided by
professional antigen-presenting cells.
To examine the time course of TGAM77 upregu-
lation in more detail, RT-PCR analysis was per-
formed using TGAM77-speci¢c primers. As demon-
strated in Fig. 4, TGAM77 upregulation was
observed as early as 3 h after lymphocyte stimula-
tion, indicating that TGAM77 induction is an early
event in T-cell stimulation.
3.2. TGAM77 is the human homolog of cornichon
gene of the fruit £y Drosophila
Amino acid homologies were examined using
NCBI software (BLASTx and BLASTn). As shown
in Fig. 5, TGAM77 shares 63% homology with the
protein encoded by the cornichon (cni) gene recently
described in Drosophila melanogaster, which was
shown to be required for epidermal growth factor
(EGF)-like signaling in Drosophila oogenesis. Com-
pared with human TGAM77, Drosophila cni contains
an additional 10 amino terminal amino acid residues.
No signi¢cant homology to other known proteins
was found.
3.3. TGAM77 is expressed in various human tissues
TGAM77 expression in various human tissues is
shown in Fig. 6. As demonstrated in Northern blot
analysis of poly(A)-RNA, high expression is found
in heart, liver, skeletal muscle, pancreas, adrenal me-
dulla and cortex, thyroid, testis, spleen, appendix,
peripheral blood lymphocytes (PBL), and bone mar-
row. Relatively little TGAM77 mRNA expression
was detected in brain, placenta, lung, kidney, ovary,
small intestine, stomach, lymph node, thymus, and
fetal liver.
4. Discussion
TGAM77 is a human homolog of cornichon (cni)
protein of the fruit £y Drosophila [14], which was
demonstrated to be involved in carefully orchestrated
signaling events during Drosophila oogenesis estab-
lishing an asymmetric pattern in the oocyte as a pre-
requisite for correct embryogenesis [15,16]. cni signal-
ing functions in concert with two other proteins.
gurken (grk), which is a protein secreted from the
oocyte containing a single epidermal growth factor
Fig. 6. Distribution of TGAM77 expression in human tissues.
Northern blots with poly(A)-RNA of various human tissues
were hybridized with a TGAM77-speci¢c probe. RNA size (kb)
is indicated on the right side of each blot.
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(EGF) motif most similar in structure to vertebrate
TGFK [17], is considered to be the ligand of the
Drosophila epidermal growth factor receptor (DER)
homolog torpedo (top), which is expressed by the
follicular epithelium [18]. Early in oogenesis, the
cni-grk-top/DER signal establishes the anterior^pos-
terior axis of the embryo resulting in a reorganiza-
tion of the microtubule network of the oocyte which
is associated with an asymmetric movement of the
oocyte nucleus in an anterior position. The three
genes also act in a later signaling event that induces
dorsal follicle cell fates and regulates the dorsoven-
tral pattern of egg and embryo [15].
The function of all three genes in an EGF-like
signaling pathway appears to direct the formation
of a correctly polarized microtubule cytoskeleton
[15], which is thought to be the basis for the correct
spatial localization of other signaling molecules es-
sential for oocyte polarization, asymmetric move-
ment of the nucleus, and embryo di¡erentiation
[16]. The sequestration of signal molecules into re-
stricted areas of the cell membrane, thereby in£uenc-
ing the local signaling capacity, emerged as a com-
mon principle in intercellular signaling. Accordingly,
the well known involvement of the microtubule cy-
toskeleton in spatial polarization of signaling events
in T-cell activation might share basic principles with
the cni signaled induction of asymmetry in Drosophi-
la oogenesis. In this context, TGAM77 might be in-
volved in a protein^tyrosine kinase pathway required
for the vectorial localization of signaling molecules in
T-cell activation. EGF is known to stimulate an im-
mediate and transient change in cytoskeletal organ-
ization including the polar redistribution of actin and
cytoskeletal associated proteins by mechanisms not
well de¢ned as of yet [19,20]. Similarly, activation
of T-lymphocytes by stimulation of the TCR/CD3
complex results in a redistribution and polarization
of cytoskeletal elements and organelles, like the lym-
phocyte microtubule center (MTOC) and cell secre-
tory apparatus, toward the bound cell in order to
spatially and vectorially focus the release of function-
ally relevant mediators from the e¡ector lymphocyte
to the target cell [7,21]. Thus, the cytoskeleton is
thought to serve as a matrix for the recruitment
and concentration of signaling molecules which facil-
itates molecular intercellular communication. In
analogy to cni function in Drosophila, TGAM77
might mediate signals required in this process and
the activation speci¢c TGAM77 upregulation in the
early stage of the activation process, as observed in
the present study, would be consistent with this hy-
pothesis.
Tissue expression distribution as demonstrated by
Northern blot analysis does not provide a conclusive
pattern which could narrow the range of possible
functions of TGAM77. However, the remarkable
conservation of the TGAM77 protein sequence
among species as distant as Drosophila and man in-
dicates that TGAM77 might indeed be involved in
the signaling events of basic cellular functions. Com-
pared with Drosophila melanogaster, the cni protein
sequence of Drosophila virilis contains only six amino
acid exchanges, with both species being phylogeneti-
cally divergent by about 60 million years [15]. A
striking similarity was also found between the human
and mouse cni homolog, the latter being submitted to
GenBank (Accession number AF022811) while this
manuscript was in preparation. Both proteins share
92% homology at the amino acid level and 81% ho-
mology at the cDNA level, indicating that TGAM77
is a highly conserved gene among di¡erent species.
The mouse homolog di¡ers only by one G6A sub-
stitution at codon 87 within the predicted TGAM77
amino acid sequence, but contains 10 additional ami-
no acid residues in the amino terminus which are
also present in Drosophila. This high degree of con-
servation indicates that all regions of the TGAM77
protein are under selective forces and, therefore, are
likely to be important for its function. Further work
will need to focus on the elucidation of the function
of the protein and its putative role in cellular signal-
ing.
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